Introduction
============

The Joint Commission includes medication reconciliation in ambulatory health care as a national patient safety goal.[@B1] The 2011 goal specifically states: \"Maintain and communicate accurate patient medication information\".[@B1] Medication reconciliation is agreement between the medications the patient is taking and the medication list in the medical chart. It is a detailed, accurate and complete account of all medications the patient is taking and exactly how they are taking them. This can be a difficult goal to achieve in outpatient primary care, as patients often visit multiple physicians and purchase numerous over-the-counter (OTC) products for self-treatment. The growing widespread use of electronic health records (EHR) helps with maintaining more accurate medication lists, as everything prescribed in the system is recorded automatically in the medication list. However, most EHRs do not yet communicate with physicians in outside practices, and do not capture OTC products unless they are specifically added to the list. Also, medications may not be discontinued or removed from the list when the course of therapy is completed, a dose is changed, or the medication is no longer being taken. EHRs may give a false sense of accuracy of medication lists, which must be continually verified. Maintaining accurate medication records for each patient can be a time-consuming task requiring ongoing monitoring at each patient appointment.

A study conducted by Bedell and colleagues in a large outpatient practice which used paper medical records identified a large number of medication record discrepancies.[@B2] Patient medication bottles and patient reports were prospectively compared to the medical record and discrepancies recorded (any difference between the list of medications in the medical record and what the patient actually took). In 312 patients, a total of 545 discrepancies were found (mean of 1.7 discrepancies per patient). The authors noted that their patient population was well educated and of high economic status, however, 76% of patients had a discrepancy in their medication list. Over half (51%) of discrepancies were from patients taking medications which were not recorded in the medical record. Older age and a higher number of medications were the most significant correlates of discrepancies.

Studies have also demonstrated the importance of medication reconciliation in outpatient settings which use an EHR. In an older study by Wagner and Hogan, a large number of inaccuracies in medication lists were identified in a practice which used a locally developed EHR.[@B3] Medication lists in the EHR system were compared with what the patient was taking at 117 patient visits. The physician recorded any discrepancies noted. Patients were taking an average of 5.67 medications. The proportion of medication records that were complete without missing medications was 37%. The most common cause of discrepancies was related to what the patient was actually taking, as they often stop, start or adjust medications on their own. The second most common cause of discrepancies was changes made to medications from outside physicians.

In a study by Orrico, registered nurses conducted medication reconciliation during routine advice-line phone calls when patients called in for acute complaints.[@B4] The majority of patients were young (mean age 42, SD 14 years) females (81.2%) calling in for acute infectious processes. In 85 outpatient calls, 407 medication entries into an electronic medical record were identified. Of those, 233 (57.2%) did not match information obtained by the nurse. An average of 2.7 discrepancies per patient was identified, with the highest percentage being medications no longer taken (70.4%). The majority of medication discrepancies were for classes with defined lengths of therapy such as anti-infectives, anti-inflammatories, and analgesics which had not been given an end date. The percentage of medications taken differently than noted on the EHR was only 2.6% in this study.

In a study by Manley and colleagues at an outpatient hemodialysis center, clinical pharmacists conducted 215 medication interviews in 63 patients over a 5-month period.[@B5] Patients typically underwent dialysis 3 times per week and were asked by nurses at each visit if they had sought care elsewhere since the last treatment. Nephrologists also assessed patients 2-3 times/week. During the study period, 60% of patients had at least one discrepancy identified by the pharmacists. Medication record discrepancies were identified in 30.2% of the interviews conducted. The mean number of discrepancies per patient was 1.7 (SD=1.3) (range 1-7). This included drug not in record, drug has different directions, drug no longer taken by patient, and drug dose changed. The most common discrepancy was drug no longer taken by the patient (46.0%), followed by dose discrepancy (34.5%).

In a study by Ernst and colleagues, clinical pharmacists participating in a prescription-renewal clinic by telephone reviewed the accuracy and completeness of medication orders in an EHR for which a refill was requested.[@B6] Medication discrepancies (including taking a medication not listed in the record, not taking a medication listed in the record, or different dosage or directions) were found for 26.3% of prescription renewal requests. A majority of discrepancies found (58.8%) were due to prescriptions that the patients were taking which were not recorded in the medical record. However, the EHR had been recently implemented and prescribers were still allowed to hand write or call in prescriptions which may not have been recorded in the EHR. Also, the pharmacist did not review the complete medication list, but only the medications which were being inquired about.

In a study by Peyton and colleagues, an intervention to improve the accuracy of nurse-conducted medication reconciliation was evaluated.[@B7] The study objectives were to determine the baseline accuracy of nurse-conducted medication reconciliation in an outpatient internal medicine clinic, and to assess the effect of pharmacist-provided education interventions to improve the accuracy of medication reconciliation. In the first phase, the nurse completed medication reconciliation forms in the standard manner with each patient. Then the pharmacist reviewed the forms from 90 randomly selected patients and compared them to the patient's 2 previous forms. The pharmacist also spoke with the patient or caregiver to verify the medication list, and called the patient\'s pharmacy if necessary. After these results were collected, they were shared with the nursing and medical staff. Nursing staff attended a 20 minute educational session conducted by pharmacists on medication reconciliation. Physicians attended a 10 minute educational session. Also, an automated phone call to remind patients of their appointments was modified to encourage them to bring their medications to the appointment.

The second phase was conducted after the educational interventions, and the same process was repeated of medication reconciliation by nurses and pharmacists for 90 patients. In the first phase, only 14.4% of medication reconciliation forms were correct. In the remaining incorrect forms, 269 errors were found (omitted prescriptions, omitted OTC medications, listed medications that the patient was not taking, incorrect directions, or incorrect strength). After the educational intervention, 18.9% of medication reconciliation forms were correct, and the incorrect forms contained 220 errors. The mean number of errors per patient decreased from 3.0 (SD=2.7) in the first phase to 2.4 (SD=2.3) in the second phase (p=0.14). Even though the accuracy of medication improved with the intervention, a large number of errors will still found. This highlights the complexity of medication reconciliation and the special skills that pharmacists bring to the process.

A prospective study by Varkey and colleagues examined the prevalence of medication discrepancies in an outpatient setting and evaluated an intervention to reduce these discrepancies.[@B8] The intervention was targeted to patients as well as providers. Patients in the first phase of the study (n=54) were provided usual care and the medication history obtained was documented by the provider in the EHR. In the second phase of the study 50 patients were mailed letters before their appointments to remind them to bring their medication bottles or an updated medication list to their clinic appointment. They were then asked to verify and correct an EHR generated medication list. Providers in this phase were educated on the importance of and how to conduct medication reconciliation, as well as given performance audit results compared to that of their peers on a weekly basis. After each phase, a study nurse obtained the most accurate medication list by telephone or email contact or by reviewing the patient's medication bottles. This list was then compared to the EHR medication list generated by the physician.

In phase 1, only about 5% of patients brought in their medications bottles, and a medication list was completely missing for the physician note in 26% of patients. In phase 2, 52% of patients brought in their medication bottles and only 6% of physician notes lacked a medication list. The intervention resulted in an overall decrease in visits with any medication reconciliation discrepancies from 98.2% in phase 1 to 84% in phase 2 (p=0.0134). The provider's documented medication list improved from only containing 47% of the medications the patient was taking in phase 1, to 93% in phase 2. The most common error noted in this study was complete omission of a medication from the EHR. This highlights the importance of not only verifying the name, dose, route and frequency of medications already recorded, but also assessing the list for completeness.

In an outpatient study performed in Nigeria by Yusff and colleagues, pharmacist involvement in medication histories for 324 patients significantly increased the frequency and depth of medication information documented.[@B9] Documentation of prescription drugs increased from 68.9% at baseline to 100% after pharmacist intervention, over-the-counter medication documentation increased from 25.1% to 96.9%, and herbal drug use documentation increased from 10.7% to 85.5% (p=0.0001 for all). Even though this study reported an increase in thorough documentation instead of a decrease in discrepancies, it highlights that medication lists in medical records are often incomplete.

Pharmacists play a key role in correcting and reconciling discrepancies in medication records in outpatient settings. They have extensive training and expertise in pharmacotherapy, patient interviewing, assessment of adherence and patient counseling. Medication reconciliation is important in all patient care settings to prevent drug interactions, therapeutic duplication, unnecessary side effects, and other medical errors. Pharmacists working in the outpatient setting can play a role in reconciling medication lists through direct patient interview, examining pill bottles, or calling dispensing pharmacies for verification. The objective of this study was to quantify and describe medication reconciliation efforts by student pharmacists in an outpatient family medicine center.

Methods
=======

The practice site is a large family medicine outpatient clinic and staffed by approximately 36 family medicine residents and 8 attending physicians with an average of 2300 patient encounters per month. The patient population is varied and includes obstetric, pediatric and adult patients. The insurance mix consists of 34% Medicare, 34% Medicaid, 28% private insurance and 4% uninsured. In 2006 the practice implemented an EHR and phased out paper charts. The EHR contains a list of current and past medications, which includes all prescriptions written by physicians in the practice. Prescription medications from outside physicians and OTC products can be entered into the list as a medication record. However, there are still many discrepancies when reconciling these lists, including both medications not deleted when discontinued, and medications not added from outside physicians or which the patient has purchased OTC.

The pharmacy student preceptor developed a standardized medication reconciliation form for use in the family medicine center in April of 2010. The form included space for recording medications added to the EHR such as medications prescribed by outside physicians and specialists, OTC and herbal medications added to the EHR which the patient reported, and medications that were discontinued from the EHR (moved to the past medication list). Medications taken differently than prescribed in the EHR could also be recorded, such as a medication prescribed twice a day, but only being taken once a day. The frequency of use of PRN medications could be noted for assessment by the physician. Refills requested by the patient could be recorded, and updates to medication allergies could be noted. Patient counseling performed during the interview could also be documented on the form.

Student pharmacists performed medication histories on patients waiting to see their physician and updated the electronic medication list in the EHR. This included reviewing medication bottles if brought to the appointment and calling pharmacies if necessary. Students concentrated on patients with chronic medications requesting refills with the longest wait time for the physician. No patients were specifically excluded from the reviews, and the same patient could be encountered by a pharmacy student at multiple appointments on different dates. Students then recorded changes made on the standardized medication reconciliation form and left this outside the patient exam room as a summary for the physician of any changes or discrepancies in the medication list. The pharmacy student did not speak directly with each with each physician, but was available for questions. A copy of this form was turned into the pharmacy student preceptor. Student pharmacists performed medication reconciliation approximately 1 or 2 half days per week. Patients not seen by a student pharmacist received usual care, with medication reconciliation performed by the physician.

The researcher received approval from the practice site and the university\'s institutional review board to conduct the research. A retrospective review was conducted of all standard medication reconciliation forms completed during patient interviews from April 2010 to July 2010. The number of reviews conducted was recorded, along with the frequency of each type of discrepancy. A discrepancy was defined as any lack of agreement between the medication list in the EHR and the patient-reported regimen. This included differences in dose or frequency of a medication, duplication of the same medication, medication no longer taken or omission of any medication. The frequency of patient counseling was also noted. Descriptive statistics were used to calculate the mean number of discrepancies per patient and the percentages of each type.

Results
=======

A total of 213 standard medication forms from the 4 month period were reviewed. Six student pharmacists performed patient interviews during this time (2 students over each 5-week rotation block). A total of 555 discrepancies were found, including medications no longer taken, prescription medications that needed to be added to the EHR, OTC and herbal medications that needed to be added to the EHR, medications taken differently than recorded in the EHR, and medication allergies which needed to be updated ([Table 1](#T1){ref-type="table"}). There was an average of 2.6 discrepancies found per patient interviewed. Patient counseling was performed and documented by student pharmacists for 47 patients (22%) and included discussion of adverse drug reactions, recommendations for OTC products, drug regimen and administration clarification, drug interaction, and lifestyle modification counseling.

###### 

Medication discrepancies recorded (n=555)

  Discrepancy                                     N (%)
  ----------------------------------------------- ------------
  Medications no longer taken                     234 (42.1)
  Prescription medications added                  136 (24.5)
  OTC and herbal medications added                107 (19.2)
  Medications taken differently than prescribed   67 (12.0)
  Medication allergies updated                    11 (1.9)

Discussion
==========

Our findings regarding medication record discrepancies are similar to those reported in the literature. We found an average of 2.6 discrepancies per patient reviewed, and the range reported in the articles reviewed was 1.7 to 3.0 per patient.[@B2],[@B3],[@B4],[@B5],7 Discrepancies related to prescription and OTC medications omitted from the medication list accounted for 43.7% of the errors we found, which is similar to the results of Bedell, *et al*and Ernst *et al* (51% and 58.8%, respectively).[@B2],[@B6] Medications that had been stopped or discontinued accounted for 42.1% of the errors we found, while it accounted for 34.5% in the Manley study and 70.4% in the Orrico study.[@B4],[@B5] Overall, our findings are aligned with previous results when differences in study design are considered. Bedell and colleagues reported that their study included a highly educated population of high economic status, which might explain the lower mean number of discrepancies per patient.[@B2] The Orrico study included manly young females with acute infectious processes, and had a high percentage of medications no longer taken.[@B4] Manley and colleagues reported a lower percentage of discrepancies than our study, but the hemodialysis patient population had very frequent follow-up.[@B5] In the Ernst study, the entire medication list was not reviewed.[@B6]

There are several limitations to this retrospective study. All standardized medication reconciliation forms were handwritten and could have been difficult to read or misinterpreted during data collection. The information gathered during patient interviews was subjective and based solely on patient report. Also, a patient could have multiple resident physicians involved in their care, which could contribute to miscommunication and discrepancies in the medication record. Many errors could have been missed due to inability of patients to remember their medications. Discrepancies in medication lists are not necessarily directly related to patient non-adherence to the prescribed regimen. Patients may be taking all their medications correctly, even though their medication list is not up-to-date. Also, a completely accurate medication list does not guarantee patient understanding and adherence. Our study did not separate system-based discrepancies in documentation from patient generated discrepancies (stopping medications, adding OTC medications, not reporting medications from other physicians, or taking medications differently than prescribed). Even when discrepancies were identified, it was often unclear if it was due to lack of documentation by the physician, misunderstanding of directions by the patient, patient non-adherence, or lack of reporting of additional medications by the patient. The time taken for these interventions was not recorded, and the cost effectiveness was not examined. However, in a teaching setting student pharmacists can gain an educational experience while still providing a needed patient care service in this area. The process of medication reconciliation also gives pharmacists and student pharmacists the opportunity to educate patients on medications, adherence and proper administration. This is highlighted by the fact that 22% of patients in our study received patient counseling by the student pharmacist during the medication history. Pharmacists are familiar with drug names and doses and their extensive training in pharmacotherapy enables them to perform medication reconciliation thoroughly and accurately.

Conclusions
===========

Student pharmacist-initiated medication reconciliation in an outpatient family medicine center resulted in the resolution of numerous discrepancies in the medication lists of individual patients. The use of an EHR does not guarantee a decrease in medication discrepancies, and patient interview must be conducted to reconcile medication lists. Each medication on the list must be reviewed for accuracy, and the list must be assessed frequently for completeness. Outpatient medication reconciliation has not been proven to decrease medical errors, but could be speculated to do so through decreasing duplicate therapy, unnecessary therapy, drug interactions, and adverse drug reactions. Pharmacists and student pharmacists are uniquely trained in medication history taking and play a vital role in medication reconciliation in the outpatient setting.
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